This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



UK 



«lcd 301.2406, found 301.2402. 
J^lZ UpOXy £P* l ? bmaonAn *y o-Lipoiyzenaae 
ntfbBsophilic feukemia (RBL-1) ceils. Inhimtorswvenide 
SniS?^^'^^ fOT 20 «in with the RBlTb^ 
fn ^^^"^^ ^ 37 °C in p H 6.8 buffer 

rftt m7i^i ^? 5 - fc P 5 «y5E«»ase reaction by addition 
l^^L? |a ^ QniC adi CH1-5-HETE added to the 
reaction mixture nerved as a recovery standard. ReactionTwere 

touted with diethyl ether. The ether extract* were evanortted 
under nitrogen and the reaction prod- ^alrere^S fr^ 
iwncoave.-ted substrate by tian-layer ' S^SuSSbSZ 
actnnty comigraung with 5-HETE \mSS!2tS$J& 



«/. Afed. Cnem. 1907. 30, 1180-1193 



tilhrtion counting and corrected for recovery of PHI tupre 
Inhibition was calculated as the •v.^-T^j 1 "'-*- HB TE- 

^ °' percent '"h'bition vs. log concentration plots 



(22> B- »ot«t«« in nVaennrn. 2nd ed The I™. c.„,. 

Un.versity Press: Ames. IA. 1963; pp l^T * 



Structure-Activity Relationships amonirDi- and T^r»-,s„ n- „ 
Benextramine K and Tct ramme Disulfides Related to 

M. Alvarez,- R Grenades, D. Mauleon. G. Resell. M. Salas. J. Salles, and N Vails 
^'Scta?^ 

moiety displayed an irreversible ^d^e^L^ ^P 0 ^ containing a c™cSaS 

was mcreasedin cystamines N^'nliaubstitTt^uK^nS^ "W^f™ 10- to 6 X 10-" M. ^Potency 

Mockers. Structure] specificity in the outer rxirtinnTr - - tetr a*ubstituted cystamines were noor 

gave rise to potent a-blockers. Even S^^^^T^ fe '° w ' manyfype, ofTuSieTts 

to maintain irreversible «-blockade. "* OUter aaunes nonbasic ethers or amides waaob^d 



ati^?? of . 8tr " ctu ,re-acUvity relationship (SAR) 
stu&es of tetranune disulfides carried out by Me^iorre 
and BeUeau,' optimum «-adrenergic blocking potent wS 

amnojhexyljcystamine (BHC. I) and NJfSSSSS^. 
o^Ocystamine, (AOC, 39); From the s^ctuS fSS 

model for the «-adrenoceptor in the rate vasdeferenT 



l\ ;rN .CH 2 NH(CH 2 ) 6 NH(CH J ) 2 s|- 



CHjNCCMjjgNHtCH^S^ 
39 (AOC» 



1 (BHC) 



Accordingly, BHC would interact with a set of four «„ 
= centers and two flat areas complementary ^tTe 
aromatic rings, and AOC would bind to a different.* of 
four anionic centers. These two binding areal touM hf 
•Vinmetncally disposed on the surface of ttetSceXlS? 

hypothesis the initial electrostatic interactions between 
would lead to a conformational change unmasking tSS 

SESdSK^^^S^^^j^ 

IMS. 28. 164lJn STS W-«M£*ran«.a«/. Afeef. Cftem. 
«, noouHM, ^ Csrpy. A. fiu-.A Med. Cftem. 1985. a*,3» 



chain length CKKSSS 
atoms was found to be six carbon atoms in BHC andS 
SoSj atom T bTtn ,OA 2F- Sutotita tiononthe"terti- 

Sn) nfj?* 3ub ?t?tuent (especially an o-methoxyben^ 
group) on this position gave maximal potency. On the 
to^Jrfi ^ Uti ° n of *• *-* nitrogen^ S 
Si2t? D in ,P° tenC ? m the BHC series whue 
^^f! Cd l an ^ 0gUe3 show<!d a^ost no changes 
m activity On the basis of the high a-blocking acS 
of the catechol-contoining disulfide 40. which w2 



a NH(CH a ) e NH<CH a ) 2 s4- 



J. 



40 



'0 C1987 



equMctive nth BHC. Melchiorre also suggested a common 
n^S^iin f ° r ^ outer (3.4-dihydroxybenzyDamino 
riMC^Zr? ^ (-^thoxyberr^)aS ^ 
SSU^f" 1 Catecholamine neurotransmitters, u. spite 
of ^e berime nature of the N^ubsUtuent and the C 

Aiming to extend and evaluate the above p^ibUuS 
a»d«peciaUy the predicted relationship brtweeTtE 
«*» B .HC binding sites. we undeS 2e 
synthes.s of a new series of polyamine disulfides con^abuS 
STadn^S **™?>«fy ^ted in some^S 
to a-adrenermc drugs. 1 Thus, compounds 2-9 (Table I) 
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Analogues of Benextramine 
Scheme I 
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CHjNCCH^HHCCM^jSaj- + 



41a: 

6: 
c: 
a: 
•: 
ff: 
9: 
h: 



w 

X«W«H;Y.Z-0CH20 
V.Z-W = M.X=0CH 3 
X»Z«W-H;Y«OCHj 
X-Y-W-H. Z .OCH 3 
X-W«H ; Y.Z -OCH, 
X-H; y-z.w.ochJ 

X-W*H;Y-Z*OCH 2 OCH a 




4« 



■MtfcodS 

to? COggOUftdl/ 

u-to. as 



ArCHO 

47a: Ar • 2-thienrt 
b: Ar • 2 -fury I 
e: Ar -3-indolyl 
d: Ar -i-methyi-a-pyrroiy! 
a: Ar •e-hydroxypftenyl 



43 



46a-l 



gytfcod A ^ 
for coepouMe 
1-10. 11-14 



jx<CH 3 %N(CH 3 )2sj- ~£f£gL£ 
2 II 14 8i 



2-10.12*24.26.20.49 



a: 



,(CH 2 ),COCI 




44«:/>.1 ; X-H 

b:* »0i x «no» 

c : /7 • 0; X ■ NH 2 



16: X.NH.Y.H 
16: X-NH.Y-CHj 
4«:X.O.Y«H 



X — 1! — (CH 2 ) S NHR 

46a: X • piper idino. R » H 
b: X > 1-pirrelidinyl, R«H 
c: X*2-|«tr4hytfroiSOquinolyt.R-H 
05 X-1-indolirtyl.R-H 
t: J-piperidino.R.CHO 
f : X • 1 -pyrrol idinyl. R « CHO 



HCHO/KOH 



I 1 



26-27 



are structural combinations of BHC and phenylethanol- 
amines; in disulfide 9 the group replacing the (o-meth- 
oxybenzyi) amino substituent is specifically norepinephrine. 
Compound 11 is related to amphetamine and rKeiilryfafl 
10 contain the a-blocking (l,4-benzodioxan-2-ylmethyl)- 
amino moiety. 

The results of pharmacological testing of the above 
disulfides prompted us to carry out our synthesis of new 
BHC analogues bearing modified outer portions. Hie 
changes made were related to (a) change in the substitution 
pattern of the aromatic ring and in the distance between 
this ring and the outer nitrogen atom (14-16), (b) re- 
placement of heterocydes for the aryl group (17-20), (c) 
change of the amino groups into nonbaaic amide or ether 
functions (12, 13, 30^34), (d) replacement of nonarcmatic 
heterocydes for the benzylamino moiety (21-24), (e) in- 
troduction of a new ring linking the Ar/N moieties (25-29), 
and (f) suppression of the whole outer moiety, leading to 
N-substituted cystamines (35-38). 
Chemistry 

Preparation of symmetrical disulfides 2-10, 12-29 (see 
specific structures in Table I), and 49 lc is outlined in 
Scheme L In method A, reaction of 3-(6-aminohexyl)~ 
ltS-thiazolidine (42)** with an appropriate alky lating agent 
(epoxides 4 la-h* for 2-9 and racernic* or optically pure a 
toeylate 43 for 10) gave the required thiazolidines 45 

(2) The preparation of some of these compounds has been previ- 
ously described; see: (a) Granadoa, R; Atvarex, M; Valla, 
Sales, AC «/. HeterocycL Chenu 1983, 20, 1271. (b) Granadoe, 
R; Valla, N4 Ahrarez, M4 Bardaji, R Art. Quim^ Ser. C 1983, 
79.303. (c) Atarax, Grenadaa, R; LfivsSs, R;Saisa,M. 
J. HeUrocycL Chem. 1SSS, % 14&. (d) Arvarea, M4 Granadoa, 
R; RoseU, G.; Santalo, P.; Sales, M. An. Quim^ Ser. C 1984, 
80, 283. 

(3) (a) Koo, Ja Avaeain, 84 Martin, Am. Cham. Sbe. ISM, 
77,6373. (b) Nelson, W.L^WeMewtrow, J. E^Dy«^ 
™ " U. J. Med. Chem. 1677, 20, 880. 



Scheme n. Method D 

S 



e H 5 CH a ( ) ± 



t.BuU 
2.Br(CK s )f8r 

C .H.CH,CO ( CH 4 ,. N Q '^L 



CC e H 5 CH 2 CO(CH 3 ) A NH(CH2>2S fp 
SI 



60 

1. MMgOH 

2. LIAIM4 



r p 1 

LCeHjCHjCHCCMj^NHCCHa^S^- 



H(CH 2 ) 5 NH(CH a )jSj 
11 

(structures in Table II). Oxidative ring opening and di- 
merization by treatment with 0.1 N yielded di- 

sulfides 2-10. Compounds 12 and 13 were obtained from 
(ajninoaBf^ t hiazoHdine 42 hy acylation «nth ary\ chlorides 
44a,c and oxidative coupling. Reduction of amide group 
of 12 with L1AIH4 gave die cystamine 14. Simultaneous 
reduction of amide and nitro groups of the cystamine ob- 
tained from thiazolidine 45k gave 15. Ring opening and 
reduction of the amide group of thiazolidine 451 with 
LiAlH« gave a (methylamino)ethanethiol, which upon re- 
action with I j gave the N-methylated hexamine IS. The 
tetrahydroquinazoline derivatives 25 and 26 and the ben- 
zoxazine 27 were obtained by ring closure of o-amino- 
benzylaminea 15 and 16 or hydroxybenzylamine 49, re- 
spectively, with HCHO in alkaline solution. 

Theheteroarylmethy^ 
obtained from N^bia(S^mohexyl)cy8tamhie (46) u 
through method B consisting of a reductive alleviation of 
the primary amino groups with an a 
aldehyde, 47. 

In method C the starting materials were the terminal 
heterocyde (piperidine, pyrrolidine, tetrahydroiao- 
quinoline, or indoline) and 6-phthalirnidohexanoyl chlo- 
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8cheme III 

m«tr>od e 
(for compounds 90.81) 

HOtCH^CMjC**, 
« 

2. tt<CH t } 9 9t 
« N«CN 

|4.LiAfH« 

HjNCCMjJeOCCHaJjSCHaC^Hfl 
68 

11 Na/etOH 
2. Xt/KI 



mothod F 
(lor compounds 82-841 

ArCH 2 0H 

60s: Ar« phony I 

b: Ar • o-mothoxy phenyl 

c: Ar • 3.4-mothyItnodioxiphonyf 



1. N«H 

2. B«(CH < I V 8« 



(H 2 N(CH 2 ) 9 0(CH 2 )2S^ 
64 




4. KHjNHj 



Ar ■ 

MfttosyptMnyl) 



ArCH 2 0(CH 3 ^NH2 
66 

•U8H4 ^ K 9 F«<CMl 9 /N«OH 

CArCH 2 Y(CH 2 ) e Z(CH 2 ) 2 S^- 
80*84 



\l.ArCHO CO 



ride. Hie phthalimido protecting group in the resulting 
amides was removed by hydrazine treatment to give the 
amino amides 48a-d. Reduction of amino amides 48a-d 
with LiAlH 4 followed by condensation with thiirane and 
oxidative dimerization yielded compounds 21, 22, 28, and 
29. The iV-methyl derivatives 23 and 24 were also obtained 
from 48a Jb through N-formylation with AcOCHO, re- 
duction of resulting formamides 48e,f with LiAlH*, and 
the subsequent steps of method C. 

Hie amphetamine-related tetracaine disulfide 11 was 
synthesized following method D (Scheme II). Alkylation 
of 2-benzyl-l,3-dithiane 4 with 1 , 5-di bromopentane and 
elimination of the protective group afforded a bromo ke- 
tone. This compound was used for alkylation of 1,3- 
tliazolidine to give the compound 50. Oxidative ring 
opening of 50 by Ia/KI treatment gave the dioxo disulfide 
51. The carbonyl groups in disulfide 51 were easily 
transformed into amino groups by their conversion to 
^TitTiftQ md fiedufitfrm with UAIH4. 

Disulfides 30 and 31, whose inner nitrogen atoms navcP" 
been replaced by oxygen atoms, were prepared as indicated 
in Scheme III (method E). The starting material, S-pro- 
tected mercaptoethanor* 52, was O-alkylated with 1,5-di- 
bromopentane. The remaining bromine atom was dis- 
placed by a cyano group that served as the precursor of 
the primary amino function in 53. Cleavage of the G-S 
benzyiic bond with Na in EtOH followed by oxidative 
coupling of the resulting thiol yielded disulfide 54 having 
the required functional Hon. The last step of method 
E was the introduction of the benzyiic N-substituents 
achieved through reductive alkylation of disulfide 54 with 
benzaldehyde or o-methoxybenzaldehyde. 

Amino ethers 32-34, htdm^g the ***t*>msA nit rog en atoms, 
were obtained through method F (Scheme US) with alco- 
hols 55a-c as the starting material, respectively. Alkyla* 
tkm of the correspond^ a^ 

followed by reaction with potassium phthalimide and re- 
moval of the AT-phthaloyl group, yielded the amino ethers 
56. lime compounds were converted into 32-34 by 
mercaptoethylation with thiirane and oxidative dimeri- 
zation with KsFevCNV 

Finally, cystaminee 35-38 were synthesized in two stepe 
(method G) from the corresponding amine (oUethylamine, 

(4) lbi*KV±8^KlFu^&TetruhcdrvnlML 1873.4403. 

(5) Sxabo, J. L4 SuDer, B. T. «J. Am. Chem. Sec. 1848, 30, 3867. 
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Table If. Structures tod PhyskaJ Property M Compounds 45, 48. 80. 51. 53. 54. and 56 
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OH 



46«H> 



45* 



a: 



(CHj^CONWCM^N^S 



45J-I 



OCHjOCH, OCHjOCHj 



EtOH 
MeOH-EtjO 
MeOH-EtjO 
MeOH-EtjO 
MeOH-Et^O 
MiOH-EtjO 
MeOH-EtjO 
MeOH-EtjO 
MeOH 
MeOH 
MeCN 
EtOH 

MeOH-MeaCO 
MeOH-EtjO 
MeOH 
MeOH-H 2 0 



MeOH 
MeOH 
MeOH 



Me,CO 
Me^CO 
MejCO 



formula* 

CaHaNjOjS-^HA 
C w H 30 N r O 2 S-2C l H x O 4 
0u > H»N t O 2 S.2C t H 1 O,-C*H 1 a0 
CiaH^NAS-^HjO, 
C l9 H a2 N J 03S.2C,H 2 0 4 ^H 3 0H 
C^N^S^H/), 
CaiHj.N^^HA 
CiaHaN^ZCjHA 
C^H^NjOSAHjO^H^OH 
CwHoNAS-Ha 
CigHoNiOS-HCI 6 
CuHnNjO^HA 
CwHaN/M^H^ 
C^aN/MVi^HjOH 
CwHaoN.rOAHA 
CuHaNjOu 
CuHjoN^ 
c i6H 23 N0S-C 1 H 1 0 4 
Cj 4 H 4a N^> I S r 2C f H J 0 4 
CusHjsNOS^jHiO^CH^OH 
CisH^^A 
CuH^NOCjH^ 
CuH^O^CjHA 
C MH 11 NQ r C 2 Ha0 4 



- compounds were analyzed for C H and N and a i , 17S 1S0 C^NQ^HA 

ignite .eltWpoin, Tl» expound Has an 



Jcrt-butyiamine, benzylamine, or piperidine) by mercap- 
toethylation with thiirane and oxidative coupling of the 
resulting thiols by Ij/KI treatment 

_ Results and Discussion 

The disulfides l-3^ere tested as irreversible blockers 
of the norepinephrme-induced contractions in rat was 
deferens. With benextramine (BHC, I) as a standard for 
SatST? rektive P 0 ^^ observed are assembled 

A blockade of 91% of the NE contraction, almost 
equrvaknt to the inhibition caused by BHC. wasfound for 
the cate^^ntaining disulfide $, a molecular combina- 
tion of BHC and NE. This result does not disagree with 
the hypothesis of Melchiorre attributing a single bindinc 
site for the cate^olamines and the outer moieties ofte£ 
rarnine disulfides. Although it is well-known that me- 
Ration of the phenolic groups of catecholamines greatly 
reduces their ^adrenergic affinity, this result was not 
found in cur series of phenytethanolanuWrjearing di- 
sulfides. Even though ttearom^ 
contains one. two or three methoxy groups and no hy^ 
d^fimctmnah^ 

^eaaDy the trimethoxy derivative, wMcha^oTcoS 
^^itstheipinduc^ Comr^nds^ 
^teaeen as struck 

chaining a-blockers, such as WrWlOl. However, their 

S J^l^ 8ped ^ numh ** and/or 

poatwn of inetfaaxyl groups does not greatryinnW^ 
atomergic blocking potency. On the other hand. Mel- 
cbJ^h^rece^ 

coabmatoarf WIM101 and BHC and condudrithat 




In good agreement with the above results, 1,4-benzo- 
o^oxan-2.ylmethyi-substituted tetramine disulfide 10 
showed a very poor blocking activity. The stereoselectivity 
of ^adrenoceptors toward competitive antagonists such 

phenomenon.* In these drugs, 2S isomers areconsfato^ 
inore potent than the coiTesponding 2R enantiomers. The 
adrenergic blocking potency of the enantiomeric benzo- 
dioxane-contaiiiing disulfides (5^)-10 and {RJihlQ was 
found to be very low at 2 X l<r* M and almost equivalent 
for both isomers at higher concentrations. Hie tow activity 
of derivatives 10 suggests that either the normal benzo- 
dioxan blocking she is not being occupied or that the 
molecule cannot orient itself properly to take advantage 
ofoptunum binding at the site. The small difference in 
activity between optical isomers (SJShlO and (A\ft)-10 also 
suggests that the binding is not very specific 

Isosteric replacement of the o-methoxyl groups in BHC 
for amino groups, as in 15. or formation of a new ring 
between the outer nitrogen atoms and the aromatic ring, 
as in 25, did not bring about a significant change in 

KSfe^fe ******* su S8^ t the 

flexibility of the bmding site can accommodate structural 

changes such as substitution of nhrogen for oxygen or rir« 
dosed systems. The benxoxaxinyl and isoquinoryl deriv- 
atives 27 and 2* were only shghfly soluble in the Krebs 
solution and therefore did not give reliable results. 

Further evidence for the ability of the tetramine di- 
sulfide binding site to accommodate many types of com- 
pounds is given by the high blocking activity of some 
heteroarylmethyl-substituted tetramines. Puran and 
p^te analogies 18 and 20 show even greater potency 
thanBHCatexiO^M The low blockade exerted by 



' Analogue* of Benextramine 

M can be ascribed again to lack of solubility since we 
observed a precipitate in the organ bath during the incu- 
bation period. Although the heteioarylmethyl moieties of 
compounds 17-20 do not bear any structural resemblance 
to the adrenergic arylethanolamines. they could bind 
strongly with a site capable of accommodating flat aro- 
matic substituents, similar to those found in BHC and in 
conventional a-antagonista. However, this terminal site 
has very low structural specificity since it can bind effi- 
ciently to compounds possessing a saturated heterocyclic 
ring, as in piperidinyi and pyrrolidine derivatives 2 1 and 
22. Lacking an aromatic rings does not reduce their 
blocking potencies, given that 21 is even more potent than 
BHC. On the other hand, l-indolinyl-substituted disulfide 
29 is only a mild blocker even though it has an aromatic 
ring condensed to the heterocyde and thus is structurally 
more similar to BHC than 22. It could be thought that 
disulfides 21-24 are not related to BHC, but to (axnino- 
octyOcystamine (AOQ. also a potent blocker in the rat vas 
deferens. Nevertheless, 21 and 22 retain the structure- 
activity relationships described for BHC 1 * as in systems 
containing a six-carbon chain between the amino groups 
and the marked decrease in activity observed after me- 
diation of the inner nitrogen atom* (compounds 23 and 

Although removal of the entire (benzylamino)alkyi 
moieties of BHC to give diamine disulfides 35-38 caused 
a marked decrease in blockade, probably through a loss 
of binding ability, these diamines were not completely 
inactive. The f erf-butyl derivative of cystamine, 36, was 
as potent as some tetramine disulfides (compounds 2, 10) 
that have all the structural requirements for efficient 
binding. This result seems to indicate that all four pro- 
tonatable nitrogen atoms may not be essential for activity. 
To test this possibility, we undertook the syntheses of 
diamine disulfides 32-34 having oxygen atoms in place of 
the outer ammo groups of BHC. Two of these compounds, 
32 and 33, showed a considerable degree of blockade, which 
seems to deny the necessity for the presence of four anionic 
centers on the binding area for BHC. Similar results were 
obtained when substitution of o xygen for nitrogen was 
carrieq outin tnenm W^utiiiWs^^ ^^Mig^SiL ^ 
and 31) and when the protonable amino groups were 
changed into nonhask amide functions (compound 12). hi 
fact, the diamine-diamide 12 is a more potent blocker than 
the corresponding tetramine 14, a result supportive of a 
dipolar interaction between the outer portions of tetramine 
disulfides and their binding areas. 

In conclusion, we have found that all compounds con- 
taining the central cystam 

blockade of the NE contraction of the rat vas deferens. 
This effect is more apparent in cystamines N,N'-disub- 
stituted with 6-aminohexyl groups, especially when the 
outer nitrogen atoms bear arylalkyl substituents or are 
enclosed in a ring. Disubstitution of nitrogen atoms in the 
cystamine moiety leads to poor blockers. Structural spe- 
cificity in the outer portion of the tetramine disulfide is 
low since many types of substituents and even the change 
of amines into nonbask groups were observed to be potent 
a-adrenergic blockers. 

Experimental Section 

Wetting points were determined m a captDaiy tube on a Bflchi 
apparatus and are uncorrected. Frier to concenU&tkHi under 
ro™*d pressure, all organic extracts were dried over anhydrous 
MgS0 4 powder. TL£ and column chromatography were carried 
outonSAWlkagelGO.Me^ 

*en detected in TLC with UV fight or iodoplatinate reagent 
Molecular distillations were effected by uae cf a BQchiGKR-60 
Kugehohr apparatus; the temperatures cited are the highest 
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reached by the oven during distillation. Microanalyses w*~ 
performed by the Institute- de Qulmica BMh^H^B^J^ 
General Procedure for Preparation of H(<2 Hydnny t 
«ylethjl>amlno]n^^ (45a-h). 

fu - h€ &°*^l* U - h (2 ° ramol)V ** d 3-<6-ami«iohexylM^ 
tfuaxohdine (42)* (20 mod) in i-PrOH (60 mL) was stirred for 
22 h at reflux temperature under a N, atmosphere. The solvent 

™£ m <°^ a T l P rcMure; *** dissolved in 

CH f Cl 2 (i00iiiL)andejtraciedwith2NHa(4X25i B L) The 
rTS" ^ ^ * N NaOH and extracted with 

CHfU,. The organic extract* were dried and evaporated under 
reduced pressure to give thiazolklines d5a-h as oils. Purifications 
were achieved by successive crystallization of the dicxalate de- 
rivative. 

W<l^B«=od»xaa ^ylmetfeyl)ainino]he^].! 4 34liia- 
xolidtees (45i). A solution of (/?5)-2-(tosylmethylH>henzo- 
dioxane (4*)* (1.56 mmol) and EtJ* (0.47 g) in i-PrOH (20 mL) 
was stirred at 25 "C under N 2 atmosphere. After a few minutes, 
a solution of 42 (4.68 mmol) in i-PrOH (15 mL) was added and 
the mixture was stirred at reflux for 24 h. Upon removal of the 
solvent under reduced pressure, the residue was taken up in 
CH^Cfe (200 mL) and extracted wiih 2 N Ha The aqueous layer 
was basified with 5 N NaOH and extracted with benzene. The 
organic extracts were dried and evaporated, and compound 45i 
was obtained in 66% yield Enantiomers of this compound were 
prepared in a similar way, with the corresponding chiral toeviate 
as the starting material* 

£-CMU-Thia20lidin ^yl)hexyl]phenylacetajnide <45j) 
or Benzamides 45k-L To a vigorously stirred solution of 42(2 
g, 1 06 mmol) and EtjN (2.7 g. 26 mmol) in dry benzene (80 mL) 
was added dropwise a solution of the suitable eod chloride 44a-o 
(10.6 mmol) in anhydrous benzene. Stirring was continued for 
5 h at 25 °C. The reaction mixture was wsshed with HjO and 
exteacted with 2 N HCL The aqueous layer was basified with 
2 N NaOH and extracted with benzene. The organic extracts were 
dried and evaporated, yielding the corresponding compound 45j-I 
as an oiL 

General Procedure for Oxidative Dimerizatkm ofTitla- 
zolidines. Preparation of 2-8, 10, 12, and IX Method A. To 

a stirred sohrtion of the appropriate thiazchdine 45a-l (20 mmol) 
in EtOH (200 mL) was added slowly a solution of 0.1 N L/25% 
KI (200 mL) followed by the addition of 2NHC1 (5 mL). The 
mixture was stirred at 25 °C for 12 h_ The solvent was removed 
at reduced pressure and the residue taken up m 2£ N NaOH (150 
mL). The afl aline solution was washed with CHyClg (3 X 75 mL). 
JEb£^3^SMLgto?c^were dried and concentrator giving the 
corTesiHmding disulfides z\ 10, tt, and la in n ign yientTFu, 
rifications of these disulfides were achieved by crystallizations 
of suitable derivatives. 

Preparation of /VA 7 'Bis(6^[2-hydroxy-r(3^dUiydroxy- 
pl^nyI)ethyllaminol!-xyllcystAmine (9). The Ouazolidine 
45h was transformed by the previous general procedure into the 
JW'-bist6-H2-hydro^^ 

ethyt]amino]hexyi]cystamine. Through a solution of this cyst- 
amine (L77 g; 2.13 mmol) in dry inethanol (40 inU and methylene 
chloride (35 mL) was passed a current of dry hydrogen chloride 
until the solution pH was acidic, The solution was stirred for 20 
h at room temperature, the solvent was removed at reduced 
pressure, and a yellow solid (1.1 g, 60%) was obtained and 
identified as the tetrahydrochloride of 9. 

Preparation of ^J^i4e4(pl»ttylethyl)3jiiinolhtarylV 
cystamine (14). LiAlH* (0.58 g, 15.3 mmol) was slowly added 
to a solution of 12 (3 & 5 mmol) in dioxane (80 mL), and the 
resulting mixture was stirred at reflux temperature for 4 h. After 
coohng, excess UAIH4 was destroyed with HjO, and the resulting 
mixture was basified with 2 N NaOH. The organic layer was 
separated, dried, and evaporated to give a>mpound 14 as an oil 
(2.01g.95%). 

Preparation of AMV-Bis[6-[(o ~amlnobenxyl)amino]~ 

hcxy!lcyataadM(15K The thiazdidine 45k was tramuonned 
by the previous general procedure into the NJf'-bsslSiio-tutxt* 
benxoyOas^Jhaxyl]^ A solution of this cystamine (4^9 
g, 6 mmol) in dry dioxane (150 niU waa slc^ added to a sus- 
pension of UAIH4 (3^ g, 90 inin^ The 
mixture was stirred at reflux temperature for 5 h A nitrogen 
^ * 1 in a system during the entire process, 
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NNeOH (7J3mL). and H*> (10 mL> were added in the order 
m*e^d. The iUBpeii8^tlMtfotniedwMfilt«^ the solid was 

coabumi and dned. and the solvent was removed under vacuum 
to pve 15 si an oil (1.6 g, 43%) «™wwmin 

^«yl] W JV-dimethykystamine <1«). LiAlR, (4 46 a. 117 

mdond^o^ (200 mL) and the mature was stirred at reUux 
^,!f!^!,- UndeX atmosphere for 5 h. Tneedutionwas 

and H-Q (13 mL) were added in the order indicated. The sus- 

SZSSSfitTi^^ the solid was ented^ 
ames witii CHCl,, and the combined organic layers were dried 

ISS^ ^ °r e L, t,U9 . ethanolic "lotion 0.1 N aqueous U was 
nddrfunanode«b«towa.«h«««L The«*S»was^ 
i^^^'^'^^^oMtd m HAThe 

sSde^^r^.^ ^ - a evaporat£d to ^ 

Cenwal Procedure for Preparation ofCystaminea 17-28. 

««> nSTw«^d*opX to a 
^atmnof the suable heterocyclic aldehyde 47.-* mmolj 

f^.^" 6 ", ^ " 8S 8tirred at temperature 

n^wIS^ i"^^" t r , f luced P^^d the 
to^t£nif£^ «»»feOH(l«0mL). The solution was cooled 

atroomtemperaUireforlh. Concentrated HQ was addedunS 
acd pH was reached. MeOH was removed at reduced pressure 
aml^ rescue waslurf with CH/a* The 

extoSJ w£ i W? ^ *w G 

"wafts were dried and evaporated to give 17-20 which ™* 
punfied by crystallization of a suitahfc dative. 
liJTTli^!!!^^^', Pre Paration of Amino Amides 
nfd^AS^^^ ^'T ^ ^ cWoride (140 mmoD 
pAyCH/a, (250 mL was .lowly added to a solution ofthe 

mL). and the resutong mixture waa stored at 25 •CfarotTte 
^BBffluc solution was washed with HjO, 10% HO, and IN NaOR 
£^g ^g^g™good yield s of phthidinuaCm^ 

andS^J^ added J 80% hydrazine (IWn^nol) 

^product e^TdtSc^ Tm^^C?^ 

resulting solution waa stirred at reflux temperature for20 h. Th! 

rw~. D^if** ^T^ted to give 48eX 
»^f£ n^!!? 1 ^** Pre P* r "tion of Cystamines 21-24. 

Uw^tu^nuxtoe was stirred at reflux temperature for Sh. 
After the mixture coaled to 25 «C. excess UAflH^n^ri_I~i 
^^-^f^ture was Sto^Tt^St^ 

A solution of thunute (11 mmoD in dry benzene lis «Z 

Sm^^ rf Sr^^^w 

<"°«Mn Denxene(25 mL). and the mixture was stirred for 14 
^exIKJti^ 



Alvaret et 61. 

was dried and evaporated. Distillation of the reaidu. -IW—^ 

Sdutt r^T ^ 05 ^ «^ ^XaSn^ 
toe product residue bv crystallitation «f s « a.m. -j^j 

•"S^ to obtain ^!lLZneVu^4,S» 
of HrSKw" 0, ST ,Umln ** A 40% aqueous solution 

cnmSS « Sr° ,, s2»,r Wed to ' ">««onof the suiUbU 
bTSSSSl« * J »' ^* . <3 mmo,) K 0H (0.23 g. 4 mrnol) 
fo^fM^H^- ^ «~ tttwJ t reflux tempSe 

if . , Tbe """"ting solution was added to a -10 °C. solut^ 

J^^-n aqi^ solution of 5% Na^O* 5%^rt-nd 

r^S, ^T^'/k 88 ^ rred , under • N, atmosphere at reflux teT 
pemture for 4 h. Tbe solution was cooled and Altered and the 

^l^.^ 116 m "traded with CHv£ 

This solution was successively washed with -aturated ™?J™Z 
NrVH solution, 10% HCl,7o% NaOrlS H^So^S 
h^er upon drying and evaporation gave 7-brWl5^E 
heptanone(86%). A suspension of this bromoTtone^r 14 
mrnol) . U-tluazolidine(L4g, 16 nunou. and a^yXSx^ 

^Ltlr^l ^?*S H (150mL > ^^SuxteS 
ir^l^E, '"^^atmospbere. Thernixture wasfO^d 
^^^f^P^ to dryness. Tten^wasdteohed 
=Jl^^^^ cte i lwithl0 * H CL The aqueous hreerwas 

Z^^,^ era f 0rated gave 50 as an oil ^ 
^^ (7 * l *^^ Mfe P^»)eystajnine(51l The 
ofl 50 waadfesolved in EtOHand to t4 soS^ *ddedS 

f^TtL^"^ 83 ^- ^ the rnixture^SrS 
wfth 2* ^r^!r^Jr ,B J? mm 5 ted ' 80,1 ^"ue was basified 
im^rf \Lf^^? extracted with CHCl^ The organiclayer 

K^c^lKS," *• 

»i < 2^ PTO "" rf< ^?* ra *«*»- A solution of diketone 51 
S Pyri°ine/EtOH (2:1) (46 mL) and hydrox- 

temn^^^r 1 ^ 1 g '. 14 - 4 mmoi) ™* «tirred at \X 
tempOTture for 5 h. The solution was evaporated to dryness. 
OT the residue wa* oissolved in 1 N NaOHanS 
«S,,2r? ° T ? a,ll i ,ayer ra crashed with HA dried, and 
JjejgTS ««» Satermediate oxime. The oxime wea 

^^^^ed- The mixture was stirred at^eflux tem- 
peratorefcclh under Nj atmosphere. Thesusnens»n»»>«J^ 
and 2mLof ILj0and2 mL«f 2 N NaOH w^a«^Sed 
^fib^andtheteaiduedissoh^mCH^^ 
"fgaoK layers were washed with Hfi, dried, and evanorated to 
pve the cystamine 11 (20%). r-,«"«u.«™evaporaiea to 

P !^? t S B ef Bis t 2 -nH(aryl=e*lsyI)aiBi3»i«-— 11- 
^^'J^^' t ^^ adtxyUmant! < K )- Under N-atmo- 
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WMwraedtoreflin temperature aai rtirred for 1 h. After this 
timeH/) and Etflwtn added The organic layer viaa dried and 
evaporated to give 308g of an oil Distillation of the oil gave 
1£6 gof l^ibromopenUiw (85 O07 mmHg) and a residue, 
wluch was purified by column chromatography; on elution with 
CHCI* 6.2 gof 10-bromo-l-ph«i>1-5-o«a-2-thUdecane was ob- 
tained. AsolutionofKCN(l^g,23i I uiiol)tnH f O(63mL)wa8 
fdo>d lo a solution of the above alkyl bromide (6.2 g, 20 mtnol) 
in EtOH (145 mL) and the mixture was stirred at reflux tem- 
persturefor4h. After this time, the EtOH was removed, HjO 
was added, and the compound was extracted with Etfl. The 
organic layer was dried and evaporated to give 4,9 g of 11- 
phenyl-7.oM.l(VthiauDdecanenitriie (38%). A solution of this 
nitrile (43 g. 18 mrnol) in dioxane (50 mL) was added to a sus- 
pcmwn of LiAlH, (2.1 g, 56 mrnol) m dioxane (100 mL) end the 
resulting mixture was stirred at refhtx temperature for 3 h. After 
coohng . £ mL of HjO, 3 mL of dioxane, 4 mL of 2 N NaOH, and 
9 mL ,of Hp were successively added. The mature was fihmd 
arid tte fihrate evaporated The residue was dissolved 

mCTCI, and extracted with 10% HCI. The aqueous layer was 
basmed with 2 N NaOH and washed with CHC1* The chloroform 
^y^J^^^^^^Por^U>g^^gofanoil This 
on TJ^^ and *** fractioD Elected between 175 and 200 
°C (0.05 mmHg) yielded 236 gof S3 (44%). 

(b) Bn^^^^mfaolie^iyoxyjetliyl] Disulfide (54). Under 
N 2 atmosphere, smafl pieces of Na (4J> g. 195 mrnol) were added 
to a solution of 53 (OS g. M mrnol) in EtOH (56 mL). The 
reaction was strongly exothermic When spontaneous boiling 
T^u^ 8d t Ut f?. Wafi a^** 1 ** wflux temperature untO 
*f^&™*T*rtW>*&- The solution was cooled 
^^nS^J^^^f 1 ^ t ««^wh^ paste w^c^uted 
™& •rtW&t and filtered, and the solid was washed 
wrthC^O,. The organic layers were evaporated to dryness, and 
the rescue was dissolved in EtOH. Over this ethanotic solution 
was added 0.1 N aqueous Ij until no decoloration was observed, 
a*i the mixture was stirred for lh. The solution was evaporated, 
and the residue was dissolved in HjO, basined with 2 N NaOH, 
and extracted with CHfil* The organic layer was dried and 
evaporated to give the disulfide 54 (0.3 g, 90%). 

B ^^^I<^ Im ^l)^u»]hexyl]oxyletl V ll Di- 
sulfides 30 and 31. A solution of disulfides 54^£o3 rnmol) 
and the siutabie aldehyde (benzaldehyde or cmethoxybenz- 
aldehyde) (U mmoD in dry benzene (50 mL) was stirred at reflux 
^perature for 15 h in a system equipped with a Dean-Stark 
Jap : After this time the solvent was evaiKa^ted ami the residue 

NaBr^ (a08 g. 2.1 mrnol) and the mixture was stirred at reflux 
tope^urefor30 inirL The mixture was cooled, acidified with 
L^ ^If^.^^- The aqueous solution was 
hasified with 2 N NaOH and extracted with CHCk Thechlo- 
rofonn .extracts were dned and evar^ted to g^ expected 
disulfides 30 or 31. 
^erai Procedure for Preparation of JVJV>Bis{(aryI- 

^^?^l icyrtam ^ g ^ Metflo ^ F. (a) KAryl. 
nvUioxy)rjexyl)amnie8 56a-c, A solution of the suitable alcohol 
55a-c (80 mrnol) in anhydrous THF (20 mL) was slowly added 

to a suspension of NaH (100 mmoD and l^iramohexane (200 



im 



mrnol) in THF (60 mL). The resulting mixture was stirred si 

30 m .** *« p ^i&?a^ex- 
irtctea with EtaQ. The organic layer was washed with KO dri«l 

Sl?^^ UpondlST«e2?i52: 
bwncpentane and a nmhie MmtifW « tl« «miwndii» 
ether were isolated. The broroo ether and Dotauium nhth.r.rr.M. 

th« tuneU« mixture was poured into Hfi and extracted with 
fctfO. The organic layer was washed with HA dried, and 
evaporaUd to give the corresponding phthaMmide A^ution 
of this phthaUmide (60 mrnol) and 80% hydraxine hASlW 

end the desired product was extracted with CHCi* TheCHCL 
a^sE" *** to <"« the c^espondS 

(b) Cystaniines 32-58. A solution of the suitable amine <56e-c 
ethylsnune. fert-butylamine. benzylamine, or piperidine) (75 
mrnol) m benzene (20 mL) was stirred at reflux te^npen^ for 
I bin a system equipped with a Dean-Stark trap. 

•^solution was cooled at 0 -C and a thiirane (63 mrnol) in 
benzene(20mL)eo Tbe resulting rnixtare 

was refluxed for 3 b. The solvent was evaporated, the residue 
was dissolved in HjO, and 2 N HCI was added untO apH of 8-9 
W F ?^J V aolutionofK,Fe<CN)« (8 mrnol) in H^O (25 mL) 

W £*tt£* to stand, and aftera30-mm 

period, NaOH pellets (6 g, 150 mrnol) were added. A sufficient 
amount of Nad was next added to saturate the solution. The 
was washed with CH/^aiid trie orgaiifc extracts 
were dried and evaporated to give disulfides 32-38. These com- 
pounds were purified by crystallization of a solid derivative. 

pharmacology. The following protocol 1 * was applied for the 
relatrvejpo^cies listed in Table I. Male rata we^ag200-25O 
g were fcffled by ^ sharp Wow cn the head arid both vasad^ 
"ZZ • were mounted individually morgan baths 
vo1 c T t f^ ***** bicarbonate buffer (113mmol of 
NaCl, 4.7 mrnol of KO, 2.4 mrnol of CaCl ft L2 mrnol of MaSO-. 
L2 mrnol ofKKaPO,, 25 mrnol of NaHCOj, and liriSof 
dextrose). The medium was maintained at 32 °C while beimi 
aerated with 95% 0,-5% CO,. The loading tension was 0^ 
arid the contractor 

connected to a Omni^Scribe recorder. The tissues were allowed 
to equilibrate for 1 h, and the medium was changed prior to 
addition of the antagonists. After a 30-min incubation period, 
the bath was drained ami the tissues 
" ^^fff f Qr — ^^^tive^acentratjon^g^^ curves 
forT^were constructeu after oeaunent wiCacamims^iii^t.— 
The decrease in maximum response was expressed in percent of 
the control value. The percent blockade for each compound is 
expressed as the mean ± SEM of five separate experiments. 
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